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1.0 SUMMARY 
This document describes proposed field tests of remote 
sensing systems which may assist in screwworm eradication. 
(See Annex 1, "The Screwworm Fly and Its Eradication.") The 
tests w311 be conducted in Mexico as a joint effort among 
the National Aeronautics and Space Administration (NASA), 
the U.S. Department of Agriculture (USDA), the Secretaria 
de Agricultura (SAG), and the comisi6n Nacional del Espacio 
Exterior (CONEE) of Mexico. Basic sponsorship of this test 
program is the Mexican-American Commission for the Eradica- 
tion of Screwworms. 
In general, USDA working in a joint evaluation team, 
will be responsible for determining the effectiveness of the 
satellite system in providing data of value to the screwworm 
eradication program. NASA and CONEE will be responsible for 
observing and reducing satellite data over Mexico, and the 
Mexican-American Screwworm Commission will be responsible 
for observing the incidence of screwworm cases in Mexico and 
for providing timely reports of such infestations to the 
space agencies. 
This is an experimental program requiring constant test 
and evaluation which may require changes in details of the 
program plan. Should such changes occur, they will be coor- 
dinated with appropriate officials of both countries. 
2.0 INTRODUCTION 
A project, "Remote Sensing as an Aid to Screwworm 
Eradication," was established in 1974 and was to be 
i 
accomplished i n  t h r e e  s t e p s :  (1) prel iminary development, 
( 2 )  f i e l d  t e s t ,  and (3) opera t ional  phase. 
The ob jec t ive  f o r  the  f i r s t  year  I s  development work 
was t o  v e r i f y  the  f e a s i b i l i t y  of c o r r e l a t i n g  sclewworm f l y  
populat ion changes with radiometr ic  temperature and o t h e r  
weather d a t a  as  observed by remote sensors  aboard s a t e l l i t e s  
operated by t h e  U . S ,  National Oceanic and At,mospheric 
Administrat ion (NOAA). Test s i t e s  were e s t a b l i s h e d  i n  
Texas and i n  Mexico, and ground c l imatologica l  d a t a  t h a t  
a f f e c t  t h e  population dynamics of the  screwworm f l y  were 
c o l l e c t e d ,  S a t e l l i t e  d a t a  covering l a r g e  a reas  were suc- 
c e s s f u l l y  processed on a  rou t ine  bas i s  t o  e s t a b l i s h  c o r r e -  
l a t i o n  wi th  ground-collected weather information ( these  da ta  
a r e  presented as  Annex 2 of t h i s  r e p o r t ) .  
Resul ts  from the Phase I e f f o r t  indica ted  gerreral 
r e l i a b i l i t y  of the  s a t e l l i t e  t o  measure the  near-ground 
environment with s u f f i c i e n t  accuracy t o  be use fu l  i n  noni- 
t o r i n g  screwworm growth provided t h a t  an i n i t i a l  populat ion 
of  f l i e s  e x i s t e d  i n  the  area.  Fur ther ,  t e s t i n g  of the s a t e l -  
l i t e  system indica ted  t h a t  such information cou,ld be r e l i a b l y  
c o l l e c t e d  about 50 percent  of -the time. The bslance of the  
d a t a  would be l e s s  r e l i a b l e  because of cloud cover o r  poor 
s a t e l l i t e  coverage of Mexican t e r r a i n .  
A t  t h e  same time t h a t  research and t echn ica l  procedures 
were being s tud ied  i n  the  t e s t  a r e a s ,  a  soph i s t i ca ted  da ta  
ana lys i s  system was being developed f o r  opera t iona l  use i n  
t h e  screwworm e rad ica t ion  program. This system, the  Screw- 
worm Eradicat ion Data System (SEDS), has been opera t iona l  
s i n c e  mid-March 1975, producing information and es t imates  
of climate conducive to the growth of screwworms or geo- 
graphic regions where screwworms cannot possibly exist 
because of environmental factors. At the present time, the 
products from this system are being produced daily and con- 
sist of false-colored maps of Mexico indicating temperatures 
and soil moisture conditions which affect screwworm popula- 
tions. Although SEDS has passed through the development 
phase, the system must be field tested and evaluated before 
it is used operationally. Some of the mathematical expres- 
sions and insect populatipn dynamics models that were entered 
into the system were pre1:iminary and need evaluation and 
refinement. This can only be done by observing SEDS products 
over an extended period of time, supplemented with field 
reports of screworm incidence. 
3.0 RATIONALE FOR FIELD TESTING 
Basically, there are three reasons ,for project personnel 
to further study environmental conditions in all of Mexico: 
1. to obtain more accurate emissivity values (see dis- 
cussion below) ; 
2 .  to conduct field studies of geographic areas where 
SBDS may appear to be providing inaccurate 
information; 
3 .  to coordinate with area epidemiologists 
a. instructing i n  the use of SEDS products, 
b. observing their utilization of SEDS informa- 
tion for field use, and 
c. obtaining feedback of field information for 
product improvement. 
3.1 Emissivity Measurements 
The satellite-observed radiometric temperatures over 
any given place are affected by the type of terrain and by 
the type and dersity of "rsgetative cover. These variations 
are manifested as surface emfssivity values and can affect 
the color-coded temperature maps by as much as 7" C in some 
areas of Mexico. Only a preliminary emissivity value for 
terrain in Mexico is presently in the SEDS computer since 
project personnel have not made measurements over all of 
the republic. An accurate emissivity map for the various 
areas is needed. 
Project scientists have developed the techniques for 
making the measurements and applying them in the computer. 
They need to visit unique areas to make the physical measure- 
ments of bdre soils and vegetation when the vegetative cover 
makes seasonal changes. 
It is proposed that project scientists will meet officials 
of the Mexican government who will accompany them in the field. 
Two scientists are required for the measurements. Each visit 
will take approximately a week per area. The instruments to be 
used include the following. 
1. PRT-5 (precision radiation thermometer) thermal radiom- 
eter ( 2 4 "  x 24" x 8") weighing approximately 40 lbs. 
2 .  Digital voltmeter (18" x 811 x 4") weighing approxi- 
mately 8 lbs. 
5 .  An emissivity box consisting of a truncated pyramid 
weighing 10 lbs. 
4. A stable 110-volt, 50-watt power source (should 
batteries fail). 
4 
Although a l l  a reas  t o  be v i s i t e d  have no t  been s e l e c t e d ,  
t h e  following areas a r e  expected t o  be of  g r e a t  value t o  t h e  
p r o j e c t :  
1. Mountains i n  t h e  s ta te  of Guerrero, near  the  c i t y  
of Chilpancingo 
2.  ~ G r d o b a ,  Veracruz 
3. Monterrey and S a l t i l l o  a reas  i n  the  s t a t e s  of  
Nuevo ~ e 6 n  and Coahuila, r e spec t ive ly  
4 .  S t a t e  of Durango, northwest of the c i t y  of Durango 
5. West of Chihuahua, i n  the  s t a t e  of Chihuahua 
3.2 F ie ld  Studies  
1 
During the  app l i ca t ion  phase of SEPS, i t  w i l l  be 
necessary t o  obta in  f i e l d  information on the number of 
screwworm cases t o  t e s t  v a l i d i t y  of t h i s  system and t o  
r e f i n e  i t  f u r t h e r .  Current ly,  screwworm 'da ta  a r e  obtiiined 
from the  United S t a t e s  along the  Mexican-U.S. border i n  
t h e  form of  weekly repor ted  screwworm cases.  These d a t a  
a r e  c o r r e l a t e d  with SEDS pred ic t ions  on screwworm growth. 
Because southern Mexico presents  a more varied topography 
and ecology than i s  encompassed i n  the  southern United 
S t a t e s ,  t h e  need a r i s e s  f o r  c o l l e c t i n g  ground t r u t h  da ta  
from a reas  i n  Mexico as  wel l .  The p r o j e c t  i s  p a r t i c u l a r l y  
i n t e r e s t e d  i n  zones which may show l i t t l e  o r  no c o r r e l a t i o n  
between SEDS pred ic t ions  and a c t u a l  screwworm cases .  These 
inaccurac ies  may be due t o  any of the  following reasons.  
a Since SEDS has a l imi ted  ground da ta  r e s o l u t i o n ,  
smal l  a reas  may e x i s t  with high screwworm growth 
p o t e n t i a l  t h a t  a r e  not  resolved and shown i n  the  
p r e d i c t i o n  produc ts  (e.g. ,  deep canyons i n  semi- 
a r i d  and a r i d  a r e a s  o r  extremely rugged t e r r a i n ) .  
a Animal husbandry p r a c t i c e s  and h o s t  popu la t ions  are 
two o f  t h e  major f a c t o r s  i n  screwworm epidemiology,  
and t h e s e  two may i n f l u e n c e  t h e  c o r r e l a t i o n  between 
d a t a  on a c t u a l  screwworm cases and SEDS p r e d i c t i o n s .  
Areas wi th  unusual  weather may p r e s e n t  problems o f  
i n t e r p r e t a t i o n  o r  d a t a  g a t h e r i n g ,  a s  i n  t h e  case of 
c loud-blanketed zones. 
Wrong e m i s s i v i t y  va lue  i n  SEDS may provide erroneous 
temperatures .  
The p r o j e c t  s c i e n t i s t s  v i s i t i n g  Mexico w i Y l  unders tand 
SEDS and know i t s  c a p a b i l i t i e s ,  p o t e n t i a l s ,  and l i m i t a t i o n s ;  
t h i s  knowledge w i l l  provide them w i t h  t h e  t e c h n i c a l  s k i l l  t o  
s t u d y  :he problem a r e a .  Bscause t h e  p r o j e c t  s t a f f  r e p r e s e n t s  
s e v e r a l  d i v e r s e  f i e l d s  of  t r a i n i n g  (ecolqgy,  v e t e r i n a r y  
medicine,  botany,  phys i c s ,  entomology, meteorology) ,  t h e  
* 
p a r t i c u l a r  p r o j e c t  s p e c i a l i s t  r equ i r ed  t o  v i s i t  Mexico 
would be determined by t h e  n a t u r e  of  t h e  problem. These 
v i s i t s  w i l l  i nvo lve  t a l k s  w i th  personne l  working i n  t h e  
screwworm e r a d i c a t i o n  program (ep idemiolog is t s ,  s u p e r v i s o r s ,  
i n s p e c t o r s )  t o  o b t a i n  b a s i c  d a t a  about t h e  screwworm i n c i -  
dence i n  t h e  a r e a  i n  ques t ion  and such in format ion  as h o s t  
d e n s i t y ,  animal husbandry p r a c t i c e s ,  o r  o t h e r  unusual  condi -  
t i o n s .  Visits wi th  Mexican personnel  i n  o t h e r  f i e l d s  o f  
s c i e n c e  may be r equ i r ed  i n  t he  a r e a  s t u d i e d .  Consu l t a t i on  
may be needed from b o t a n i s t s  , meteo ro log i s t s ,  s o i l  e x p e r t s ,  
o r  o t h e r  s p e c i a l i s t s .  
P r o j e c t  personnel w i l l  always make the  f i e l d  t r i p s  i n  
company o f  designated Mexican government o f f i c i a l s .  
The equipment expected t o  be requi red  f o r  t h e  environ-  
mental measurements includes (1) s o i l  moisture sensors  and 
meters ,  (2)  thermometers, (3) hygrothermographs , (4) psy- 
chrometers,  (5) r a i n  gauges, and (6) s o l a r  radiometors.  
I t  is  proposed t h a t  items 1 and 6 w i l l  be c a r r i e d  i n t o  
and out of Moxico. The o the r  items a r e  already i n  Mexico a t  
t h e  Screwworm Commission o f f i c e  i n  Tampico. The p r o j e c t  
s c i e n t i s t s  wi l l  make about s i x  v i s i t s  of 1 t o  2 weekst dura- 
t i o n  a t  a time, with a l l  Mexican agencies involved kept 
informed about t h e i r  a c t i v i t i e s .  
I 3 . 3  Coordination with Area Epidemiologists - 1 f 
Training and Feedback 
I 
SEDS produces new products u n f i m i l i a r  t o  the  a rea  
epidemiologis ts .  Epidemiologists must be furn ished  an r 
r 
explanat ion of each product and how i t  may be u t i l i z e d  i n  
screwwarm e rad ica t ion .  In  addi t ion ,  each a rea  has unique 
eco log ica l  and geographic c h a r a c t e r i s t i c s .  I t  i s  important 
t o  see how SEDS performs under var ious f i e l d  condi t ions.  I 
i This type of information w i l l  be used i n  d i r e c t i n g  product i 
b improvements. i 
Personal  v i s i t s  a r e  needed t o  provide p r o j e c t  personnel 
with i n s i g h t  i n t o  the unique topography of the  var ious screw- 
I f 
1 
worm c o n t r o l  a reas .  I n  addi t ion ,  a r e a  epidemiologis ts  need 
t o  understand f i r s t - h a n d  the d e t a i l s  of the  SEDS products ,  1 1 
how they were produced, and the  bas ic  r e l i a b i l i t y  of t h e  b 
r 
system. T h i s  can be done only through personal  i t e r a t i o n .  I $ 
i 
i; 7 
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One o r  two sc ie r~ t i s t s  connected with t h e  p r o j e c t  w i l l  
v i s i t  a r e a  epidemiologis ts  f o r  a  per iod  of a few days. The 
only  equipment required may be a  s l i d e  o r  f i l m  p r o j e c t o r  
f o r  displaying products .  About f o u r  v i s i t s  a r e  planned f o r  
each area.  
3 .4  Requirements f o r  F ie ld  Reporting by t h e  
Mexican-American Screwworm Commission 
The Screworm Commission i s  respons ib le  f o r  t h e  rou t ine  
ga ther ing  of r e p o r t s  on the  number of screwworm cases  i n  
many a reas  o f  Mexico. I n  add i t ion ,  c e r t a i n  marteorological 
d a t a  such as  the  amount c f  r a i n f a l l  and general  t e m p e r a t 4 ~ r e  
condi t ions  ( f reez ing ,  ~ : ~ t r t . m e l y  h,ot, d ry ,  o r  humid) be 
expected from f i e l d  inspectors  and a r e a  ~ u ~ p e r v i s o r s ,  I t  i s  
expected t h a t  these  r e p o r t s  gathered weekly would be f o r -  
warded expedi t ious ly  t o  the  J o i n t  Evaluation Team (JET) (see 
paragraph 4.0) s o  t h a t  they may be compared with SEDS and so 
t h a t  the system may be improved. The Commission may a l s o  
make whatever s p e c i a l  s t u d i e s  i t  may requ i re  t o  eva lua te  the  
e f f i c i e n c y  o f  SEDS as  r e l a t e d  t o  the  o v e r a l l  e r a d i c a t i o n  
e f f o r t  and w i l l  make the  r e s u l t s  of these  s t u d i e s  a v a i l a b l e  
t o  J E T .  
4.0 PROJECT MANAGEMENT 
A j o i n t  Mexico/U,S. group known as  t h e  JET w i l l  be 
formed t o  evalua te  SEDS performance. The J E T  w i l l  be headed 
by rep resen ta t ives  of the  Mexican-American Screwworm Commis- 
s i o n  and w i l l  have a  t echn ica l  s t a f f  as  appropr ia te .  These 
could b e  r ep resen ta t ives  from NASA, CONEE, the  Agr icu l tu ra l  
Research Service (ARS), NOAA, t he  Mexican Meteorological 
Serv ice ,  and/or o the r s .  
The Mexi,::rm-American Commission f o r  the E ~ a d i c a t i o n  of 
the  Screwworl~r w i l l  be i n  f u l l  charge of ithe screwwarn eradim 
c a t i o n  e f f o r t  and the  o v e r a l l  conduct of  Phase I1 a c t i v i t i e s  
i n  Mexico. I t  w i l l  r ece ive  r e p o r t s  r e g u l a r l y  from t h e  group 
coordina tors  and w i l l  be f u l l y  informed of  a l l  p r o j e c t  a c t i -  
I v i t i e s  r eka t ing  t o  the  conduct cf t h i s  experiment. 
4.1 Projec t  S t r u c t u r e  - Phase I1 
Environmental d a t a  w i l l  be obtained over Mexico by 
remote sensing from s a t e l l i t e s  (pr imar i ly  i n f r a r e d  d a t a  from 
the  NQAA msteorological  s ~ f ; s l l i t e s ) .  These d a t a  w i l l  be 
processed u t i l i z i n g  SEDS and w i l l  then be analyzed by sci- 
e n t i s t s  i n  Mexico City and Houston t o  i n f e r  where meteoro- 
l o g i c a l  condi t ions  are the most favorable  f o r  screwworm 
propagation. This information w i l l  then be cross-checked 
with f i e l d  d a t a  being acquired tkrouglrout Mexico. Thus, 
the  f e a s i b i l i t y  sf the  p red ic t ions  can be evaluated and 
the  technology modified. The genera l  d a t a  flow is  shown 
i n  f i g u r e  1. To f a c i l i t a t e  the  independent a n a l y s i s  of the  
system, d a t a  products ,  r e p o r t s ,  and o t h e r  ma te r i a l s  w i l l  be 
suppl ied  t o  r ep resen ta t ives  of t h e  ARS/USDA on reques t .  
4 . 2  Logis t ic  Support 
The Mexican-American Commission f o r  t h e  Eradica t ion  
of  the  Screwworm and CONEE w i l l  use t h e i r  b e s t  e f f o r t s  t o  
arrange f o r  l o g i s t i c  and adminis t ra t ive  support  f o r  U.S. 
p r o j e c t  s c i e n t i s t s  v i s i t i n g  Mexico. I t  w i l l  make the  ncces- 
sa ry  arrangements f o r  a Mexican government o f f i c i a l  t o  
accompany p r o j e c t  s c i e n t i s t s  while i n  Mexico. In add i t ion ,  
i t  w i l l  make the  necessary arrangements f o r  temporary e n t r y  
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Figure 1.- General data flow. Key s t a f f  i s  the j o i n t  govern- 
ment evaluation team. In addit ion t o  evaluating the o r i g -  
ina l  data products produced by SEdS, the s t a f f  w i l l  a l s o  
evaluate r e s u l t s  o f  f i e l d  observations and determine accu- 
racy o f  SEDS. 
of  s c i e n t i f i c  personne l  and customs c l ea rance  f o r  equipment. 
The USDA and NASA w i l l  assist  Mexican personne l  i n  c l e a r a n c e  
procedures  when v i s i t i n g  o r  working i n  t h e  United S t a t e s .  
4 .3 Scheduling and P r o j e c t  Review 
To a s s i s t  t h e  p r i n c i p a l  o f f i c i a l s  o f  t h e  governments 
concerned i n  t h e  func t ions  o f  p lanning ,  c o n t r o l l i n g ,  and 
reviewing p r o j e c t  a c t i v i t i e s ,  a master  schedule  w i l l  be 
maintained showing t h e  major a c t i v i t i e s  o f  Phase 11. 
The J E T  w i l l  review and e v a l u a t e  p r o j e c t  p rog res s  and 
r e p o r t  r e s u l t s  t o  t h e  p a r t i c i p a t i n g  agenc ies  and t o  t h e  
commissioners of t h e  Mexican-American Commission f o r  t h e  
E rad ica t ion  of  t h e  Screwworm on a  r e g u l a r  b a s i s .  
4 . 4  Funding 
I t  is  understood t h a t  t h e  a b i l i t y  of  U.S. and Mexican 
governmcmt agencies  t o  c a r r y  ou t  t h i s  experiment i s  s u b j e c t  
t o  t h e  a v a i l a b i l i t y  of  app rop r i a t ed  funds.  
I n  c a r r y i n g  o u t  t h i s  coope ra t ive  e f f o r t ,  USDA, NASA, 
and t h e  p a r t i c i p a t i n g  Mexican agencies  w i l l  each fund t h e i r  
r e s p e c t i v e  r e s p o n s i b i l i t i e s .  
NASA a n t i c i p a t e s  t e rmina t ion  of a l l  SEDS a c t i v i t i e s  on 
J u l y  1, 1976, s i n c e  technology development a s s o c i a t e d  wi th  
screwworms should be complete by t h a t  t ime.  I f  o t h e r  p ro -  
gram p a r t i c i p a n t s  d e s i r e  t o  c a r r y  on t h i s  p r o j e c t ,  NASA w i l l  
a s s i s t  i n  t r a i n i n g  and t e c h n i c a l  d i s c u s s i o n s  p r i o r  t o  t h a t  
da t e .  
4 . 5  Contractors 
NASA has retained LEC and Aeronutronics Ford as support 
contractors. Tliese companies are responsible for providing 
scientific or multidisciplinary technologies to support the 
U. S. portions of the remote sensing project. The manager 
of these support groups is responsible for the coordination 
and administration of the contractor personnel working for 
him, insuring that these contractor personnel comply pre- 
cisely with NASA policies. Contractor personnel working in 
Mexico are responsible administratively to the managers of 
either LEC or Aeronutronics Ford. They will be responsible 
to the Mexican-American Screwworm Commission for policy and 
technical direction while in Mexico. 
